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NAIL PRINTING DEVICE, NAIL PRINTING
METHOD, AND RECORDING MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority under 35 USC 119 of Japanese Patent
Applications No. 2018-188816 and No. 2019-145904
respectively filed on Oct. 4, 2018 and Aug. 8, 2019, the
entire disclosure of which, including the descriptions,
claims, drawings and abstracts, is incorporated herein by
reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a nail printing
device, a nail printing method, and a recording medium.

2. Description of the Related Art

[0003] In the related art, a printing device that performs
printing of a nail design with respect to a finger nail or the
like (a nail printing device) is known.

[0004] Forexample, as with JP 2003-534083 A, in the case
of performing printing in an ink jet system, printing is
performed by ejecting an ink while moving a printing head
on a nail.

[0005] In this case, when a distance between the printing
head and the nail excessively increases, the ink is not
capable of being landed in a correct position, and thus, high
definition printing is not capable of being performed.
[0006] For this reason, in such a printing device, printing
is performed in a state where a nail (and a finger corre-
sponding to the nail) that is a printing target is set (fixed) in
a position where a distance between the printing head and a
nail surface at the time of performing printing is approxi-
mately several mm.

BRIEF SUMMARY OF THE INVENTION

[0007] To achieve at least one of the abovementioned
objects, according to one aspect of the present invention, a
nail printing device includes:

[0008] a printing head that performs printing to a nail
surface;

[0009] a memory that stores a program; and

[0010] a processor performs, based on the program stored

in the memory, processing including,

[0011] determining whether a printing operation of the
printing head satisfies a preset condition,

[0012] performing the printing operation continuously if
the processor determines that the printing operation of the
printing head satisfies the preset condition, and

[0013] performing error handling processing which is dif-
ferent from the printing operation if the processor deter-
mines that the printing operation of the printing head does
not satisty the preset condition.

[0014] According to another aspect of the present inven-
tion, a nail printing method of a nail printing device pro-
vided with a printing head that performs printing with
respect to a nail surface includes:

[0015] determining whether a printing operation of the
printing head satisfies a preset condition; and
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[0016] selecting processing which comprises:

[0017] continuously performing the printing operation
if it is determined that the printing operation of the
printing head satisfies the preset condition in the deter-
mining; and

[0018] performing error handling processing which is
different from the printing operation if it is determined
that the printing operation of the printing head does not
satisfy the preset condition in the determining.

[0019] According to still another aspect of the present
invention, a computer readable storage medium storing a
program that allows a computer of a nail printing device
provided with a printing head that performs printing with
respect to a nail surface to perform:

[0020] a determining function of determining whether a
printing operation of the printing head satisfies a preset
condition; and

[0021] a processing selection function comprising:

[0022] continuously performing the printing operation
if the determining function determines that the printing
operation of the printing head satisfies the preset con-
dition; and

[0023] performing error handling processing which is
different from the printing operation if the determining
function determines that the printing operation of the
printing head does not satisfy the preset condition.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0024] The advantages and features provided by one or
more embodiments of the invention will become more fully
understood from the detailed description given hereinbelow
and the appended drawings which are given by way of
illustration only, and thus are not intended as a definition of
the limits of the present invention.

[0025] FIG. 1 is a diagram illustrating a schematic con-
figuration of a nail printing device and a terminal device in
this embodiment.

[0026] FIG. 2 is a block diagram of main parts illustrating
a control configuration of the nail printing device and the
terminal device in this embodiment.

[0027] FIG. 3 is a plan view schematically illustrating
arrangement of each constituent on a partition plate of the
nail printing device.

[0028] FIG. 4 is a schematic view illustrating a position
relationship of a printing finger, a nail, and a printing head
that are mounted on a finger mounting portion.

[0029] FIG. 5 is a schematic view illustrating the position
relationship of the printing finger, the nail, and the printing
head that are mounted on the finger mounting portion.
[0030] FIG. 6 is a schematic view illustrating a configu-
ration of an encoder in this embodiment.

[0031] FIG. 7 is a block diagram illustrating main parts of
feedback control in this embodiment.

[0032] FIG. 8A is a plan view of the nail illustrating
printing of the first scanning.

[0033] FIG. 8B is a plan view of the nail illustrating
printing of the second scanning.

[0034] FIG. 8C is a plan view of the nail illustrating
printing of the third scanning.

[0035] FIG. 9 is a flowchart illustrating nail printing
processing according to this embodiment.

[0036] FIG. 10A is a flowchart illustrating an example of
the details of cleaning processing.
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[0037] FIG. 10B is a flowchart illustrating an example of
the details of the cleaning processing.

[0038] FIG. 11 is a graph showing speed properties at the
time of driving the printing head.

[0039] FIG. 12 is a schematic view illustrating a position
relationship of the printing finger, the nail, and an imager
that are mounted on the finger mounting portion.

[0040] FIG. 13A is a plan view of the nail illustrating a
state before scanning.

[0041] FIG. 13B is a plan view of the nail illustrating an
abnormal state when the first scanning is ended.

[0042] FIG. 13C is a plan view of the nail illustrating a
normal state when the first scanning is ended.

DETAILED DESCRIPTION OF THE
INVENTION

[0043] One embodiment of a nail printing device, a nail
printing method, and a program according to the invention
will be described with reference to FIG. 1 to FIG. 10A and
FIG. 10B.

[0044] Various limitations that are technically preferable
for carrying out the invention are put on the following
embodiment, but the scope of the invention is not limited to
the following embodiment and illustrated examples.
[0045] In addition, in the following embodiment, a nail
printing device that performs printing with respect to a
finger nail as a printing target will be described as an
example, but the printing target of the nail printing device in
the invention is not limited to the finger nail, and for
example, a toe nail or the like may be the printing target.
[0046] FIG.1 is a perspective view illustrating the appear-
ance of the nail printing device in this embodiment. In this
embodiment, a case where a nail printing device 1 config-
ures a printing system in cooperation with a terminal device
7, and performs printing with respect to a nail T will be
exemplified.

[0047] The terminal device 7, for example, is a portable
terminal device such as a smart phone. The terminal device
7 is not limited to the smart phone. For example, the terminal
device 7 may be a tablet type personal computer (hereinafter,
referred to as a “PC”) or a note type PC, a floor-standing
type PC, a terminal device for a game, and the like.
[0048] As illustrated in FIG. 1 and FIG. 2, the terminal
device 7 of this embodiment includes an operation interface
71, a display 72, a communicator 74, a control device 80,
and the like.

[0049] The operation interface 71 is capable of performing
various inputs and settings, and the like, in accordance with
the operation of a user, and when the operation interface 71
is operated, an input signal corresponding to the operation is
transmitted to a hardware processor 81. In this embodiment,
a touch panel is integrally provided on the surface of the
display 72, and thus, the user is capable of performing an
operation such as various inputs and settings by touch
operation with respect to the touch panel.

[0050] The touch panel configured in the display 72 dis-
plays various display screens in accordance with the control
of a display controller 812 described below.

[0051] The operation interface 71 for performing the
operation such as various inputs and settings is not limited
to the touch panel. For example, various operation buttons or
keyboards, a pointing device, and the like may be provided
as the operation interface 71.
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[0052] In this embodiment, the user operates the operation
interface 71, and thus, various instructions such as printing
start are output to the nail printing device 1 from the terminal
device 7, and the terminal device 7 also functions as an
operation interface of the nail printing device 1.

[0053] In addition, the user operates the operation inter-
face 71, and thus, is capable of selecting a nail design to be
printed on the nail T.

[0054] The display 72, for example, includes a liquid
crystal display (LCD), an organic electroluminescence dis-
play, other flat displays, and the like.

[0055] A touch panel for performing various inputs may
be integrally configured on the surface of the display 72. In
this case, the touch panel functions as the operation interface
71.

[0056] Inthis embodiment, the nail design that is input and
selected by the user from the operation interface 71, various
guide screens, an alarm display screen, and the like can be
displayed on the display 72.

[0057] In addition, in this embodiment, the display 72 also
functions as a notifier that notifies an operation state of each
constituent of the nail printing device 1 to the user.

[0058] For example, at the time of a state in which “a
printing operation of a printing head 41 does not satisfy a
preset condition” such as a case where the position of the
printing head 41 that is a movable body of the nail printing
device 1 is not changed within a predetermined time, the
display 72 as the notifier displays such a state on the display
screen to be notified to the user.

[0059] The communicator 74 is capable of transmitting
printing data to the nail printing device 1. In addition, when
a nail image, nail information described below, or the like is
transmitted from the nail printing device 1, the communi-
cator 74 receives the nail image, the nail information, or the
like. The communicator 74 includes a wireless communica-
tion module or the like that is capable of performing
communication with respect to a communicator 14 of the
nail printing device 1.

[0060] The communication between the nail printing
device 1 and the terminal device 7 may be performed by
using a network line such as the internet, and for example,
wireless communication based on a near field communica-
tion standard such as Bluetooth (Registered Trademark) or
Wi-Fi may be performed. When communication is per-
formed through a network, any line may be used as the
network used in the communication. In addition, the com-
munication between the nail printing device 1 and the
terminal device 7 is not limited to wireless communication,
and the nail printing device 1 and the terminal device 7 may
be configured such that transmission and reception of vari-
ous data items can be performed between the nail printing
device 1 and the terminal device 7 through wired connec-
tion.

[0061] It is sufficient that the communicator 74 is capable
of performing communication with respect to the nail print-
ing device 1, and a communicator according to the commu-
nication standard of the communicator 14 of the nail printing
device 1 is applied.

[0062] As illustrated in FIG. 2, the control device 80 of the
terminal device 7 of this embodiment is a computer provided
with a processor 81 such as a central processing unit (CPU),
and a storage 82 that includes a read only memory (ROM),
a random access memory (RAM), and the like.
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[0063] For example, a flash memory of a non-volatile
storage element such as a NAND FLASH memory can be
applied as the ROM configuring the storage 82. In addition,
for example, a memory chip such as a DDR can be applied
as the RAM.

[0064] In the storage 82, various programs for operating
each constituent of the terminal device 7, various data items,
or the like are stored.

[0065] Specifically, various programs such as an operation
program 821a for integrally controlling each constituent of
the terminal device 7, and a nail printing application pro-
gram 8215 for performing nail printing using the nail
printing device 1 (hereinafter, referred to as a “nail printing
AP”) are stored in the ROM or the like of this embodiment,
and the control device 80 executes such a program by
decompressing the program, for example, in a working area
of the RAM, and thus, the terminal device 7 is controlled.
That is, the processor (CPU) 81 of the control device 80
executes such a program by decompressing the program, for
example, in the working area of the RAM, and thus, the
terminal device 7 is controlled.

[0066] In addition, a design storage region 822 that stores
the data of the nail design, a nail information storage region
823 that stores the image of the nail T (the nail image), the
information of the position and the range of the nail T (the
nail information), and the like in a case where such infor-
mation items are transmitted from the nail printing device 1,
and the like are provided in the storage 82 of this embodi-
ment.

[0067] The nail design stored in the design storage region
822 may be an already-existing design that is prepared in
advance, or may be a design that is prepared by the user
himself.

[0068] The processor 81 of the terminal device 7 functions
as the communication controller 811, the display controller
812, the printing data generator 813, and the like, in a
functional viewpoint. Such a function as the communication
controller 811, the display controller 812, the printing data
generator 813, and the like is realized by cooperation
between the processor 81 and the program that is stored in
the ROM of the storage 82. That is, the processor 81 such as
the CPU executes programs corresponding to the functions
described above that are stored in the ROM of the storage 82
(in this embodiment, the program storage region 821) by
decompressing the programs, for example, in the working
area of the RAM of the storage 82, and thus, the function is
realized. The function of the processor 81 of the terminal
device 7 is not limited thereto, and the processor 81 may
have other various functions.

[0069] The function of the processor 81 as the communi-
cation controller 811 is to control the operation of the
communicator 74. In this embodiment, the communication
with respect to the nail printing device 1 is controlled, and
the printing data and the like are transmitted to the nail
printing device 1. When data or the like such as the nail
image or the nail information is transmitted from the nail
printing device 1 side, the communication controller 811
controls the communicator 74, and receives the data.
[0070] The function of the processor 81 as the display
controller 812 is to display various display screens on the
display 72 by controlling the display 72.

[0071] In this embodiment, the display controller 812, for
example, displays a design selection screen that prompts the
user to select a nail design to be printed on the nail T on the
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display 72. In a case where the design selection screen is
displayed, it is preferable that the display controller 812
displays nail designs that are stored in the design storage
region 822 on the display 72 sequentially or in a list.
[0072] The display controller 812 may display an image in
which the nail design selected by the user is superimposed
on the image of the nail T on the display 72 such that the user
is capable of confirming the finished image before the actual
printing is started, and such that the user is capable of
selecting again the nail design in a case where the user is not
satisfied with the image.

[0073] In addition, in this embodiment, at the time of the
state in which “the printing operation of the printing head 41
does not satisfy the preset condition” such as a case where
the position of the printing head 41 which is the movable
body of the nail printing device 1 is not changed within the
predetermined time, the display controller 812 displays the
state on the display screen to be notified to the user.
[0074] At this time, the display controller 812, for
example, may display a message or an instruction such as
“Printing will be stopped.”, “Please, confirm the position of
the finger.”, and “Please, reset the finger on a correct
position.” on the display screen of the display 72.

[0075] In addition, the display controller 812 may display
messages or various instructions with respect to the user, and
the like on the display 72.

[0076] The function of the processor 81 as the printing
data generator 813 is to set a printing region of the printer
40 from a detection result of a nail information detector 313
of the nail printing device 1, and to generate the printing
data.

[0077] In this embodiment, the nail T that is the printing
target is imaged by the imager 50 of the nail printing device
1, and the nail information such as the outline of the nail T
is detected with respect to the nail image by the nail
information detector 313. The detection result of the nail
information detector 313 is transmitted to the terminal
device 7 through the communicators 14 and 74, and the
printing data generator 813 sets the printing region (a nail
region) of the printer 40 on the basis of the detection result,
and generates the printing data.

[0078] Specifically, the printing data generator 813 cuts
out the image data of the nail design that is the printing target
and is selected by the user, in accordance with the shape of
the nail region (an outline shape of the nail T), and suitably
performs scaling or the like, and thus, generates the printing
data.

[0079] When the curvature of the nail T, or the like is
obtained from a plurality of images in the nail information
detector 313, the printing data generator 813 may perform
curve correction with respect to the printing data on the basis
of the curvature of the nail T, or the like. When the curve
correction is performed, it is possible to generate the printing
data that is more suitable to the shape of the nail T.
[0080] The printing data that is generated by the printing
data generator 813 is transmitted to the nail printing device
1 through the communicators 14 and 74.

[0081] Inthis embodiment, as illustrated in FIG. 1, the nail
printing device 1 includes a housing 11 that is formed
approximately in the shape of a box.

[0082] An operation interface 12 is provided on an upper
surface (a top plate) of the housing 11.

[0083] The operation interface 12 is an operation interface
for the user to perform various inputs.
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[0084] In the operation interface 12, for example, opera-
tion buttons for performing various inputs, such as a power
switch button for turning ON the power of the nail printing
device 1, a stop switch button for stopping the operation, and
a printing start button for instructing printing start, are
arranged.

[0085] When the operation interface 12 is operated, an
operation signal is output to a control device 30, and the
control device 30 performs control according to the opera-
tion signal, and operates each constituent of the nail printing
device 1.

[0086] Each constituent of the nail printing device 1 may
be operated in accordance with the operation signal that is
input from the operation interface 71 of the terminal device
7, instead of the operation interface 12.

[0087] In addition, a notification lamp 13 is provided on
the upper surface (the top plate) of the housing 11.

[0088] In this embodiment, the notification lamp 13 is a
notifier that notifies the operation state of the each constitu-
ent to the user.

[0089] The notification lamp 13, for example, includes a
green lamp and a red lamp, the green lamp is lit in a step
where printing preparation is completed, the green lamp
blinks while the printing operation is normally performed,
and the red lamp is lit or blinks when any abnormality
occurs, and thus, it is possible for the user to know the
operation state of each constituent in accordance with the
lighting state.

[0090] In particular, in this embodiment, at the time of the
state in which “the printing operation of the printing head 41
does not satisfy the preset condition” such as a case where
the position of the printing head 41 as the movable body that
is detected by an encoder 401 of the printer 40 as a detector
is not changed within the predetermined time or a case
where the speed of the printing head 41 is less than or equal
to a predetermined threshold value, on the basis of a
detection result of the encoder 401, the notification lamp 13
functions as a notifier that notifies the occurrence of an
abnormality by the lighting or the blinking of the red lamp.

[0091] In addition, the nail printing device 1 includes the
communicator 14 (refer to FIG. 2). The communicator 14 is
configured such that transmission and reception of informa-
tion with respect to the terminal device 7 can be performed.

[0092] The communication between the nail printing
device 1 and the terminal device 7, for example, is per-
formed through a wireless LAN or the like. The communi-
cation between the nail printing device 1 and the terminal
device 7 is not limited thereto, and may be performed by any
system. The communicator 14 includes an antenna chip or
the like corresponding to a communication system of the
terminal device 7.

[0093] The communicator 14 is connected to a commu-
nication controller 311 (refer to FIG. 2) of the control device
30 described below, and is controlled by the communication
controller 311.

[0094] The finger insertion port 15 that is an opening
portion into which the finger is inserted at the time of
performing printing by the nail printing device 1 is formed
on a front side of the housing 11 (on a near side in FIG. 1).
[0095] The inner portion of the finger insertion port 15 is
a finger reception portion 20 that is a space for accepting a
finger such as a printing finger U1 that is inserted at the time
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of performing printing. The printing finger U1 is a finger
corresponding to the nail T that is the printing target of the
printer 40.

[0096] The finger insertion port 15 is vertically partitioned
by a partition plate 16.

[0097] FIG. 3 is a schematic plan view of an upper surface
of the partition plate when seen from the upper side.
[0098] As illustrated in FIG. 3, the finger mounting por-
tion 2 for mounting the printing finger Ul is provided
approximately in a central portion in an X direction of the
device that is the upper side of the partition plate 16 (in FIG.
1, FIG. 3, and the like, an X direction, and a right-left
direction of the nail printing device 1).

[0099] FIG. 4 and FIG. 5 are sectional views of main parts
of a state in which the printing finger U1 is inserted into the
finger reception portion 20, and is mounted on the finger
mounting portion 2 when seen from a lateral surface.
[0100] The lower side of the finger mounting portion 2,
that is, an upper side of the partition plate 16 is a finger
support 21 for receiving the ball of the finger that is
mounted.

[0101] The finger support 21 supports the printing finger
U1 by lifting up the printing finger U1 from the lower side,
and for example, is formed of a resin or the like having
flexibility. It is sufficient that finger support 21 is capable of
supporting the printing finger U1 from the lower side, and
the configuration of the finger support 21 is not particularly
limited. For example, the finger support 21 may be biased
from the lower side by an elastic member such as a spring.
In addition, for example, the finger support 21 is configured
such that expansion and contraction of the finger support 21
can be performed by changing an internal pressure, and may
be configured such that the finger support 21 fixes the
position of the printing finger U1 by lifting up the printing
finger Ul in an expansion state.

[0102] The deep side of the top surface of the finger
mounting portion 2 is a window portion 23 that is opened to
the upper side. The nail T of the printing finger U1 that is
inserted into the finger mounting portion 2 is exposed from
the window portion 23.

[0103] In addition, the near side of the top surface of the
finger mounting portion 2 is a finger presser 24 that regulates
the position of the printing finger U1 in an upper direction.
[0104] A nail mounting portion 25 for mounting the nail T
of the printing finger U1 is provided in the inner portion of
the finger mounting portion 2 and on the deep side in a
printing finger insertion direction. It is sufficient that the nail
mounting portion 25 is capable of positioning the tip of the
nail T, and the shape, the arrangement, or the like of the nail
mounting portion 25 is not limited to the illustrated example.
[0105] As illustrated in FIG. 4, the printing finger U1 and
the nail T thereof are supported by the finger support 21 from
the lower side in a state where the tip of the nail T is mounted
on the nail mounting portion 25, and the upper side of the
printing finger U1 is pressed by the finger presser 24, and
thus, the printing finger Ul and the nail T thereof are
positioned in a predetermined position.

[0106] In addition, as illustrated in FIG. 3, a capping
mechanism 6 (refer to FIG. 3) that covers an ink ejection
surface 411 of the lower surface of the printing head 41
(refer to FIG. 4 to FIG. 6, described below) at the time of not
performing printing is provided on the upper side of the
partition plate 16 and in the lateral portion of the finger
mounting portion 2. The ink ejection surface 411 of the
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printing head 41 is capped by the capping mechanism 6, and
thus, the ink ejection surface 411 (and a nozzle) is protected
from being dried, and it is possible to maintain a state
suitable for printing.

[0107] In this embodiment, a case is exemplified in which
the capping mechanism 6 is provided on the right side of the
device in the X direction. The capping mechanism 6 may be
arranged within a range in which the printing head 41 can be
moved by the head moving mechanism 49, and for example,
may be arranged on the left side of the device in the X
direction.

[0108] Inaddition, a cleaner 9 for cleaning the ink ejection
surface 411 of the printing head 41 is provided on the lateral
portion of the finger mounting portion 2 on the upper side of
the partition plate 16 and on the side opposite to the capping
mechanism 6.

[0109] In this embodiment, a case is exemplified in which
the cleaner 9 is provided on the left side of the device in the
X direction. The cleaner 9 may be arranged within a range
in which the printing head 41 can be moved by the head
moving mechanism 49, and for example, may be arranged
on the right side of the device in the X direction.

[0110] In this embodiment, the cleaner 9 includes a spitter
91 that performs spitting processing, and a wiper 92 that
performs wiping processing of wiping out the ink ejection
surface 411. The cleaning processing that is performed by
the cleaner 9 of this embodiment is the spitting processing,
the wiping processing, or a combination thereof. The pro-
cessor 31 of the control device 30 suitably selects what type
of processing will be specifically performed as the cleaning
processing. This will be described below.

[0111] The constituents of the cleaner 9 are not limited to
the spitter 91 and the wiper 92. Other constituents for
cleaning the ink ejection surface 411 may be provided.
[0112] As illustrated in FIG. 3, in this embodiment, the
spitter 91 and the wiper 92 are provided in parallel in a depth
direction of the device (a Y direction in FIG. 3). Specific
arrangement of the spitter 91 and the wiper 92 is not limited
to the illustrated example, and for example, the positions of
the spitter 91 and the wiper 92 in the Y direction may be
reversed, or the spitter 91 and the wiper 92 may be arranged
by being shifted in the X direction but no in the Y direction,
or may be arranged by being shifted in both of the X
direction and the Y direction.

[0113] At the time of performing so-called spitting pro-
cessing in which an ink is forcibly ejected from an ejection
port (not illustrated) of the nozzle formed on the ink ejection
surface 411 of the printing head 41, and air, impurities, an
ink of which the viscosity increases, and the like in an ink
flow path such as the inside of the nozzle are discharged to
the outside along with the ink, the spitter 91 receives the ink
that is forcibly ejected from the ink ejection surface 411.
[0114] By performing the spitting processing, clogging or
the like that occurs in the nozzle of the printing head 41 is
solved, and thus, an excellent ejection state can be recov-
ered.

[0115] The wiper 92 cleans the ink ejection surface 411 of
the printing head 41 by wiping out the ink ejection surface
411, and a plurality of wiping members 921 (refer to FIG. 3)
stand on the wiper 92. In this embodiment, four wiping
members 921 are arranged in zigzag by shifting the posi-
tions. The arrangement or the size of the wiping member
921, the number of wiping members 921 to be provided, and
the like are not limited to the illustrated example.
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[0116] The wiping member 921 is a cleaning blade that
wipes out the ink or the like attached onto the ink ejection
surface 411, and for example, is formed of an elastic body
such as rubber. It is preferable that the wiping member 921
is formed of a corrosive-resistant material that is less likely
to be corroded even in the case of being repeatedly in contact
with the ink.

[0117] The entire wiping member 921 or the entire wiper
92 may be component that can be replaced by being
detached.

[0118] In a case where a moving direction of the printing
head 41 when the printing head 41 passes through the wiper
92 is the Y direction, the wiping member 921 is a plate-like
member that is flat in the X direction orthogonal to the Y
direction, and the wiping member 921 is formed at a position
and a height such that the tip end (the upper end) is in contact
with the ink ejection surface 411 when the printing head 41
passes over the wiper 92.

[0119] The wiping member 921 is flexibly bent in accor-
dance with the movement of the printing head 41, and the tip
end portion is brought into slide contact with the ink ejection
surface 411, and thus, the ink or the like attached onto the ink
ejection surface 411 (the ejection port of the nozzle provided
on the ink ejection surface 411) can be removed.

[0120] When the ink ejection surface 411 of the printing
head 41 is wiped out, the ink is attached to the tip end
portion or the like of the wiping member 921.

[0121] For this reason, as illustrated in FIG. 3, a scraper 93
that removes the ink attached to the wiping member 921 is
provided in the cleaner 9 of this embodiment.

[0122] The scraper 93 includes a scraping member 931
that is in slide contact with the wiping member 921, and
scrapes the ink attached to the tip end portion or the like is
provided on a surface on a side facing the wiping member
921. The material, the shape, or the like of the scraping
member 931 is not particularly limited insofar as the scrap-
ing member 931 is capable of removing the ink attached to
the wiping member 921.

[0123] In addition, the printer 40 that performs printing
with respect to the nail T of the printing finger Ul (the
surface of the nail T), the imager 50 that acquires the image
of'the printing finger U1 including the nail T, and the like are
provided in the housing 11.

[0124] The imager 50 (refer to FIG. 2) includes an imag-
ing device 51 and an illuminating device 52.

[0125] The imager 50 illuminates the nail T of the printing
finger U1 that is mounted on the finger mounting portion 2
with the illuminating device 52. The printing finger U1 is
imaged by the imaging device 51, and the nail image (the
image of the finger including the nail image) that is the
image of the nail T of the printing finger U1 is obtained.
[0126] It is sufficient that the imager 50 is provided in a
position where the printing finger U1 mounted on the finger
mounting portion 2 can be imaged, and specific arrangement
is not particularly limited. In this embodiment, the imaging
device 51 and the illuminating device 52 are fixedly
arranged on the inner side of the top surface of the housing
11 and in a position where the imaging device 51 and the
illuminating device 52 are capable of facing the nail T of the
printing finger U1 mounted on the finger mounting portion
2 (the surface of the nail T).

[0127] The imager 50 may be configured such that the
imager 50 may can be moved in an XY direction by the head
moving mechanism 49 that moves the printing head 41.
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[0128] The imaging device 51, for example, is a small
camera configured by including a solid imaging element
having approximately greater than or equal to 2000000
pixels, a lens, and the like. In addition, the illuminating
device 52, for example, is an illuminating lamp such as a
white LED.

[0129] The imager 50 images the nail T with the imaging
device 51, and acquires the nail image (the image of the nail
T including the printing finger U1). The nail image that is
acquired by the imager 50 is sent to the terminal device 7
through the communicator.

[0130] The imager 50 is connected to the imaging con-
troller 312 (refer to FIG. 2) of the control device 30
described below, and is controlled by the imaging controller
312.

[0131] The image data of the image that is imaged by the
imager 50 may be stored in the storage 32 described below.
[0132] The printer 40 includes the printing head 41 which
is the movable body and performs printing with respect to
the nail surface while being moved on the nail T (that is, over
the nail surface), the head moving mechanism 49 (refer to
FIG. 2) for moving the printing head 41 in the X direction
(in FIG. 1 or the like, the X direction, the right-left direction
of the nail printing device 1) and the Y direction (in FIG. 1
or the like, the Y direction, a front-back direction of the nail
printing device 1), and the like.

[0133] The printing head 41 is supported on an X direction
moving stage for moving the printing head 41 in the X
direction and a Y direction moving stage for moving the
printing head 41 in the Y direction, and the head moving
mechanism 49 includes an X direction moving motor 46 and
a Y direction moving motor 48 as a driving motor for
suitably moving the printing head 41 in the X direction and
the Y direction, and the like.

[0134] The driving motor (the X direction moving motor
46 and the Y direction moving motor 48), for example, are
a DC motor with a brush, and the like. The driving motor is
not limited thereto, and other configurations can also be
applied.

[0135] In this embodiment, the X direction moving motor
46 and the Y direction moving motor 48 as the driving motor
are configured such that a moving speed of the printing head
41 as the movable body can be switched in a plurality of
steps.

[0136] The printing head 41 is supported on the X direc-
tion moving stage and the Y direction moving stage in a state
of being mounted on a carriage (not illustrated), and is
moved over the nail surface, and the “movable body” may
widely include the printing head 41, the carriage, and the
like that can be moved over the nail surface.

[0137] Inthe printing head 41 of this embodiment is an ink
jet head of an ink jet system of which a surface facing the
nail surface is the ink ejection surface 411 provided with
ejection ports (not illustrated) of a plurality of nozzles for
ejecting inks, in which printing is performed by forming the
ink into fine liquid droplets, and by directly spraying the ink
with respect to the nail surface that is a printed surface of the
printing target (the nail T) from the ink ejection surface 411.
The printing head 41, for example, is capable of ejecting a
yellow (Y) ink, a magenta (M) ink, and a cyan (C) ink.
[0138] The ink that is ejected from the ink ejection surface
411 of the printing head 41 is a fine liquid droplet, and thus,
when a distance between the printing head 41 and the
surface of the nail T excessively increases, the ink is not
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capable of being landed in a correct position, and high
definition printing is not capable of being performed. For
this reason, it is preferable that the printing of the printing
head 41 is performed in a state where the ink ejection surface
411 facing the nail surface is positioned approximately
several mm above the nail surface.

[0139] The encoder 401 (refer to FIG. 2) is provided in the
printer 40 of this embodiment, as a detector that detects the
position of the printing head 41 as the movable body.
[0140] FIG. 6 is a schematic view illustrating the configu-
ration of the encoder in this embodiment. In FIG. 6, an
example of the encoder 401 of the X direction for detecting
the position of the printing head 41 in the X direction is
illustrated.

[0141] A line segment on which a symbol of SP in FIG. 6
is superimposed simply enlargedly illustrating a distance
between slits of the encoder described below in order to
clearly describe the measurement of the speed from the
distance between the slits of the encoder 401, and a time for
the printing head 41 to pass the distance. In addition, a line
segment on which a symbol of DP is superimposed, below
the line segment on which the symbol of SP is superim-
posed, is used for describing a feedback control interval of
the driving motor described below.

[0142] The encoder 401, for example, is a sensor provided
with a photointerrupter or the like that includes a light
emitter and a light receiver (both are not illustrated) facing
each other, in which the light receiver detects that light from
the light emitter is blocked by an object, and thus, the
position or the like of the object is determined.

[0143] In this embodiment, as illustrated in FIG. 6, a slit
plate 401a on which a plurality of slits are formed at regular
intervals is attached to the printing head 41 which is the
movable body, or the like. In the slits, a transmissive portion
that transmits light and a non-transmissive portion that does
not transmit light are alternately formed in extending direc-
tion of the slit plate 401a, by printing or the like.

[0144] The encoder 401 reads the slit of the slit plate 401a,
and outputs a detection result to the processor 31 (described
below) that functions as a printing controller 314. The
processor 31 (the printing controller 314) detects a moving
amount (a moving distance) of the printing head 41 which is
the movable body, and the like, on the basis of the detection
result of the encoder 401.

[0145] That is, the encoder 401 counts the number of times
of passing through the slit formed on the slit plate 401a (the
transmissive portion and the non-transmissive portion).
From such a counting result, the processor 31 (the printing
controller 314) is capable of grasping the current position of
the printing head 41. As described above, the encoder 401 of
this embodiment functions as a position detector.

[0146] In addition, a slit width is uniform (approximately
uniform), and thus, is capable of grasping the moving speed
of the printing head 41 (a driving speed of the driving motor
indicating at which speed the printing head 41 is driven) by
measuring a time until a timing of passing through the slit at
this time from a timing of passing through the slit (the
transmissive portion or the non-transmissive portion) at the
last minute (that is, a time required for moving a distance
between SP that is one line of the slit (a unit distance), in
FIG. 6). As described above, the encoder 401 of this
embodiment also functions as a speed detector.

[0147] The “speed” may be a moving amount per a unit
time (a moving distance of the printing head 41), or may be
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a moving time per a unit distance (for example, the distance
of one line of the slit of the encoder 401).

[0148] It is important to drive the printing head 41 at a
uniform speed in order to land the ink that is ejected from the
printing head 41 on a desired position. Therefore, the driving
motor is controlled by using feedback control of determining
an input value (a Duty ratio of a voltage to be applied to the
driving motor) on the basis of output information (informa-
tion of the driving speed of the driving motor (the X
direction moving motor 46) that moves the printing head
41).

[0149] Specifically, the Duty ratio of the voltage to be
applied to the driving motor (the input value) is calculated
on the basis of a difference between a desired driving speed
and the current driving speed.

[0150] FIG. 7 is a block diagram illustrating main parts of
the feedback control in this embodiment.

[0151] In FIG. 7, as the feedback control, for example, a
case is illustrated in which a proportional-integral-differen-
tial controller (PID control) of controlling the input value
(the Duty ratio of the voltage to be applied to the driving
motor (the X direction moving motor 46)) by three elements
of'a deviation between the output value (the driving speed of
the driving motor) and a target value, and an integration and
a derivation thereof is used.

[0152] In the drawing, “p” indicates a proportional ele-
ment (a P gain, P=Proportional), “1” indicates an integral
element (an I gain, I=Integral), and “d” indicates a derivative
element (a D gain, D=Derivative). The feedback control
described herein is an example, and a method for obtaining
the Duty ratio of the voltage to be applied to the driving
motor (the X direction moving motor 46) (the input value)
is not limited to the PID control.

[0153] When a timing for calculating the driving speed of
the driving motor (the X direction moving motor 46) is set
to “DP”, a feedback calculation interval for calculating the
Duty ratio of the voltage to be input next into the driving
motor (the X direction moving motor 46) (the input value)
(an interval for calculating the driving speed, and then, for
calculating the Duty ratio of the voltage to be input into the
driving motor, in FIG. 6, an interval between DP) is not
particularly limited, and for example, is an interval of 1 ms.
[0154] Such feedback control is performed independently
from a timing of passing through the slit plate 401a of the
encoder 401 (in FIG. 6, “SP”).

[0155] The printing head 41 as the movable body in the
printer 40, the X direction moving motor 46 and the Y
direction moving motor 48 as the driving motor for driving
the printing head 41, and the encoder 401 are connected to
the printing controller 314 (refer to FIG. 2) of the control
device 30 described below, and are controlled by the printing
controller 314.

[0156] The control device 30, for example, is provided on
a substrate (not illustrated) or the like that is arranged on the
lower surface side of the top surface of the housing 11, or the
like.

[0157] As illustrated in FIG. 2, the control device 30 is a
computer provided with the processor 31 (a hardware pro-
cessor) such as a central processing unit (CPU), and a
storage 32 that includes a read only memory (ROM) 321, a
random access memory (RAM) 322, and the like.

[0158] In the storage 32, various programs for operating
the nail printing device 1, various data items, and the like are
stored.
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[0159] Specifically, in the ROM 321 of the storage 32,
various programs such as a printing program for performing
printing processing is stored, and such a program is executed
by the control device 30, and thus, the respective constitu-
ents of the nail printing device 1 are integrally controlled.
That is, the processor (CPU) 31 of the control device 30
executes such a program by decompressing the program, for
example, in a working area of the RAM 322, and thus, the
respective constituents of the nail printing device 1 are
integrally controlled.

[0160] In a functional viewpoint, the processor 31 func-
tions as the communication controller 311, the imaging
controller 312, the nail information detector 313, the print-
ing controller 314, a lamp controller 315, and the like. The
functions as the communication controller 311, the imaging
controller 312, the nail information detector 313, the print-
ing controller 314, the lamp controller 315, and the like are
realized by cooperation between the processor 31 such as the
CPU and the program stored in the ROM 321 of the storage
32.

[0161] That is, the processor 31 such as the CPU executes
programs corresponding to the functions stored in the ROM
321 of the storage 32 by decompressing the programs, for
example, in the working area of the RAM 322 of the storage
32, and thus, the functions are realized. The function of the
processor 31 is not limited thereto, and the processor 31 may
have other various functions.

[0162] The function of the processor 31 as the communi-
cation controller 311 is to control the operation of the
communicator 14. In this embodiment, the processor 31
controls the communication with respect to the terminal
device 7, and when the printing data or the like is transmitted
from the terminal device 7, the processor 31 receives the
printing data or the like.

[0163] In addition, when the nail image is acquired by the
imager 50, the processor 31 may transmit the nail image data
to the terminal device 7.

[0164] In addition, when the nail information is detected
by the nail information detector 313 described below, the
processor 31 transmits the nail information to the terminal
device 7 side.

[0165] In a case where an abnormal change occurs in an
operation situation, such as a case where a trouble or the like
occurs on the nail printing device 1 side during the printing
or before and after the printing, this information is trans-
mitted to the terminal device 7 side. In this embodiment,
when the encoder 401 detects that the position of the printing
head 41 is not changed within the predetermined time, the
communication controller 311 determines that the printing
head 41 interferes with the nail T (for example, the printing
head 41 collides with the nail T or the like) and transmits this
information to the terminal device 7 side through the com-
municator 14.

[0166] The function of the processor 31 as the imaging
controller 312 is to control the imaging device 51 and the
illuminating device 52 of the imager 50, and to acquire the
image of the finger including the image of the nail T of the
printing finger U1 that is mounted on the finger mounting
portion 2 (hereinafter, referred to as the “nail image”) with
the imaging device 51.

[0167] The image data of the nail image that is acquired by
the imager 50 is transmitted to the terminal device 7 through
the communicator 14. The image data may be stored in the
storage 32.
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[0168] The function of the processor 31 as the nail infor-
mation detector 313 is to detect the nail information with
respect to the nail T of the printing finger U1, on the basis
of the image of the nail T of the printing finger U1 mounted
on the finger mounting portion 2 that is imaged by the
imaging device 51.

[0169] The nail information, for example, the outline of
the nail T (a nail shape, XY coordinates of the nail T in a
horizontal position, and the like), an inclination angle of the
surface of the nail T with respect to an XY plane (an
inclination angle of the nail T, a nail curvature), and the like.
In a case where the height of the nail T (the position of the
nail T in a perpendicular direction, hereinafter, also referred
to as a “perpendicular position of the nail T”, or simply
referred to as the “position of the nail T”) is acquired from
the image that is imaged by the imaging device 51, or the
like, the height of the nail T is also included in the nail
information.

[0170] The function of the processor 31 as the printing
controller 314 is to output a control signal of the printer 40
on the basis of the printing data that is transmitted from the
terminal device 7, and to control the X direction moving
motor 46, the Y direction moving motor 48, the printing
head 41, and the like of the printer 40 such that printing is
performed with respect to the nail T in accordance with the
printing data.

[0171] Position information of the printing head 41 from
the encoder 401 is sent to the printing controller 314, and the
printing controller 314 controls the X direction moving
motor 46, the Y direction moving motor 48, the printing
head 41, and the like, on the basis of the position information
or the like, and performs printing with respect to the nail T.
[0172] The processor 31 of this embodiment determines
whether the printing operation of the printing head 41
satisfies the preset condition, as the printing controller 314.
If it is determined that the printing operation of the printing
head satisfies the preset condition, general processing (the
printing processing) is continuously performed. If it is
determined that the printing operation of the printing head
does not satisfy the preset condition, then the processor 31
determines that an error state occurs due to interference (that
is, a collision or contact) between the printing head 41 and
the nail T, and performs error handling processing which is
different from the printing operation. As the error handling
processing, first, the driving motor (that is, the X direction
moving motor 46 and the Y direction moving motor 48) is
stopped, and the printing operation (movement and ink
ejection) of the printing head 41 is stopped.

[0173] In addition, in this embodiment, as described
above, the X direction moving motor 46 and the Y direction
moving motor 48 that are the driving motor configuring the
head moving mechanism 49 are configured such that the
moving speed of the printing head 41 which is the movable
body can be switched in a plurality of steps. The printing
controller 314 controls the movement of the printing head 41
by the X direction moving motor 46 and the Y direction
moving motor 48 such that the printing head 41 is moved at
a first moving speed at the time of being initially moved at
least over the nail surface.

[0174] The “first moving speed” is a speed among moving
speeds that can be switched by the X direction moving motor
46 and the Y direction moving motor, and is a speed at which
even when the printing head 41 collides (interferes) with the
printing finger U1 or the nail T, the user is less likely to feel
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a large impact, and each constituent of the device such as the
printing head 41 is not damaged, and it is preferable that the
“first moving speed” is a speed slower than a second moving
speed described below (for example, approximately 20 cm
for 1 second), for example, a speed that is approximately
half the second moving speed.

[0175] In addition, the position information of the printing
head 41 from the encoder 401 that is the position detector is
sent to the printing controller 314. When the position of the
printing head 41 that is detected by the encoder 401 is not
changed within the predetermined time, the printing con-
troller 314 determines that the printing operation of the
printing head 41 does not satisty the preset condition and
controls the X direction moving motor 46 and the Y direc-
tion moving motor 48 that are the driving motor such that
printing head 41 is stopped.

[0176] For example, as illustrated in FIG. 4, when the
printing finger U1 is mounted on the finger mounting portion
2 such that the nail T is in a height position suitable for the
printing, the printing head 41 which is the movable body
does not collide (interfere) with the nail T, and is moved over
the surface of the nail T at a constant speed set in advance.
This state in which the printing head 41 is moved at a
predetermined speed will be referred to as a state in which
“the printing operation of the printing head 41 satisfies the
preset condition”.

[0177] The “predetermined speed” is the moving speed of
the printing head 41 which is set as a suitable speed in
accordance with a printing mode or the like, and is not
necessarily the same speed. That is, the printing controller
314 moves the printing head 41 at a suitable speed according
to a mode or the like which is set by the operation or the like
of the user. For example, in a case where a mode for
performing high definition printing is set, the moving speed
of the printing head 41 is a comparatively low speed, and in
a case where a mode for rapidly performing printing is set,
the moving speed of the printing head 41 is a speed faster
than that in the mode for performing the high definition
printing.

[0178] In contrast, as illustrated in FIG. 5, in a case where
the printing finger U1 floats on the finger mounting portion
2, and the nail T is raised above the height position suitable
for printing, the printing head 41 which is the movable body
and is moved over the surface of the nail T collides with the
nail T, and thus, is not capable of being moved. In this case,
the position of the printing head 41 that is detected by the
encoder 401 is not changed. This state in which the position
of the printing head 41 is not changed will be referred to as
a state in which “the printing operation of the printing head
41 does not satisfy the preset condition”.

[0179] It is preferable that the “predetermined time” is an
extremely short period of time of shorter than 1 second (for
example, approximately 200 msec). When the printing head
41 is stopped for a short period of time of approximately 200
msec, it is possible to determine that there is any abnormal-
ity such as the collision (the interference) with respect to the
nail T, and it is necessary to stop the printing head 41.
[0180] When the position of the printing head 41 is not
changed within the predetermined time, the printing con-
troller 314 may simply stop the printing head 41, or may
control the X direction moving motor 46 and the Y direction
moving motor 48 such that the printing head 41 is stopped
by being moved to a predetermined stand-by position or the
like, after the printing head 41 is stopped once.
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[0181] In the detailed description of the control in which
“the printing controller 314 stops the printing head 41 when
the position of the printing head 41 is not changed within the
predetermined time”, control is presented as an example in
which when the position of the printing head 41 is not
changed within the predetermined time, for example, the
printing controller 314 sets the driving torque of the moving
motor to be less than that at a time point when the position
of the printing head 41 is not changed within the predeter-
mined time, decreases a force for moving the printing head
41, and then, stops the printing head 41.

[0182] When the printing head 41 is moved in a state the
printing finger U1 is arranged in the device, there is a
concern than the printing head 41 further presses the printing
finger U1 or the nail T thereof, or is forcedly moved over the
nail T and is unnecessarily in contact with the nail T. For this
reason, at the time of the state in which “the printing
operation of the printing head 41 does not satisfy the preset
condition”, the user takes out the printing finger U1 from the
device in a state where the printing head 41 is stopped, and
the printing head 41 may be moved to the predetermined
stand-by position or the like after the printing finger U1 is
taken out.

[0183] The printing head 41 may be moved only for
checking whether the printing finger U1 and the nail T are
mounted on a suitable position, and whether the printing
finger U1 and the nail T interfere with the printing head 41,
without ejecting the ink from the printing head 41 “when the
printing head 41 is initially moved over the nail surface”, or
may perform printing with respect to the nail surface by
ejecting the ink from the printing head 41 even at the time
of being initially moved over the nail surface.

[0184] When the printing head 41 is moved only for
checking before printing, it is possible to perform again
position adjustment before printing in a case where the
printing finger U1 and the nail T interfere with the printing
head 41, and thus, it is possible to prevent the waste of the
ink, a re-performing labor, or the like.

[0185] On the other hand, in a case where the printing of
the printing head 41 is performed even when the printing
head 41 is initially moved over the nail surface, it is possible
to rapidly perform the printing operation without a time
required for checking.

[0186] Inthis case, for example, when the printing head 41
which is the movable body performs scanning a plurality of
times, and thus, printing is performed with respect to the nail
surface, the printing controller 314 controls the X direction
moving motor 46 and the Y direction moving motor 48 such
that the printing head 41 is moved at the first moving speed,
at the time of at least the first scanning.

[0187] For example, as illustrated in FIG. 8A to FIG. 8C,
in a case where scanning is performed with respect to one
nail T three times, and printing is completed, the printing
controller 314 moves the printing head 41 at the first moving
speed at the time of the first scanning illustrated in FIG. 8A,
switches the moving speed to the second moving speed
unless there is an abnormality such as the collision with
respect to the nail T (the interference with respect to the
printing finger U1l or the nail T), and in such a state,
performs the second scanning illustrated in FIG. 8B and the
third scanning illustrated in FIG. 8C, and thus, completes
printing with respect to the nail T.

[0188] In FIG. 8Ato FIG. 8C, the moving direction of the
printing head 41 which is the movable body is represented
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by a thick arrow, and a printing end region Af that is a
portion in which printing is ended is represented by hatch-
ing.

[0189] The “second moving speed” indicates a printing
speed of a general printing device (for example, approxi-
mately 20 cm for 1 second). The moving speed of the
printing head 41 at the time of the second scanning and the
third scanning is not particularly limited, and for example,
printing may be performed at the first moving speed. In
addition, the “second moving speed” is not limited to one
type. A plurality of types of speeds may be prepared as the
“second moving speed”. For example, in a case where the X
direction moving motor 46 and the Y direction moving
motor 48 that are the driving motor are capable of switching
the speed in greater than or equal to three steps, the printing
controller 314 may control the driving motor such that the
second moving speed of the printing head 41 increases in
stages such as the second stage and the third stage.

[0190] How many times scanning is performed with
respect to one nail T to complete printing is suitably set, and
is not limited to an example described in this embodiment.
[0191] Forexample, the entire surface of the nail T may be
subjected to printing by performing scanning once.

[0192] In this case, in a case where the printing of the
printing head 41 is performed when the printing head 41 is
initially moved over the nail surface, the printing is per-
formed once while moving the printing head 41 at the first
moving speed, and thus, the check for the interference
between the printing head 41 and the nail T and the printing
with respect to the nail T are simultaneously completed.
[0193] In addition, when the printing head 41 is moved
only for checking whether there is the interference between
the printing head 41 and the nail T without ejecting the ink
from the printing head 41 when the printing head 41 is
initially moved over the nail surface, the printing with
respect to the nail T is completed by performing scanning
two times of the movement for checking and the movement
for printing.

[0194] In this embodiment, the processor 31 moves the
printing head 41 to the cleaner 9, as necessary, and performs
the cleaning processing of the printing head 41 of cleaning
the ink ejection surface 411 of the printing head 41 (for
example, the spitting processing of the spitter 91 or the
wiping processing of the wiper 92).

[0195] In general, the cleaning processing is performed
when printing is started or when a set of printing operations
(for example, printing with respect to one nail T) are ended.
[0196] In this embodiment, when it is determined that the
printing operation of the printing head 41 does not satisfy the
preset condition, the processor 31 stops the driving motor as
the error handling processing, and then, performs the clean-
ing processing of the printing head 41 in the cleaner 9.
[0197] It is preferable that the details of the cleaning
processing are suitably set. The details will be described
below.

[0198] The function of the processor 31 as the lamp
controller 315 is to control the notification lamp 13, and to
switch the lighting state, and thus, to inform the user of the
operation state of each constituent of the device.

[0199] In this embodiment, the lamp controller 315, for
example, lights the green lamp of the notification lamp 13 in
the step where the printing preparation is completed, allows
the green lamp to blink while the printing operation is
normally performed, and lights the red lamp or allows the
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red lamp to blink when any abnormality occurs (that is, at
the time of the state in which “the printing operation of the
printing head 41 does not satisfy the preset condition™).
[0200] In particular, in this embodiment, when the posi-
tion of the printing head 41 that is detected by the encoder
401 is not changed within the predetermined time, the
processor 31 as the lamp controller 315 determines that it is
the state in which “the printing operation of the printing head
41 does not satisfy the preset condition”, lights the red lamp
of the notification lamp 13 or allows the red lamp to blink,
and thus, notifies the occurrence of the abnormality to the
user.

[0201] Next, a nail printing method of this embodiment
will be described.

[0202] In a case where nail printing is performed by using
the nail printing device 1 of this embodiment, the user
operates the operation interface 12 or the like of the nail
printing device 1, and thus, powers up and starts up the nail
printing device 1.

[0203] In addition, the terminal device 7 is also powered
up, and the execution of the nail printing processing is
selected from the operation interface 71 of the terminal
device 7. Accordingly, a nail printing AP8215b is started.
[0204] When the nail printing AP8215 is started, the
display controller 812 of the terminal device 7 displays a list
of nail designs, a message for instructing the user to select
a desired design, and the like, on the display 72. Next, the
user operates a touch panel, and the other operation interface
71, and thus, selects a nail design to be printed on the nail
T. Accordingly, the operation signal is sent to the control
device 80, and the desired nail design is selected as a design
to be printed on the nail T.

[0205] Next, the display controller 812 of the terminal
device 7 displays an instruction screen for instructing the
user to mount the nail T to be subjected to printing (and the
printing finger U1 thereof) on the finger mounting portion 2
of the nail printing device 1, on the display 72.

[0206] When the printing finger Ul is mounted on the
finger mounting portion 2, the printing finger U1 is imaged
by the imager 50, and thus, the nail image is acquired. The
processor 31 as the nail information detector 313 performs
image processing with respect to the nail image that is
acquired by the imager 50, and thus, detects the nail infor-
mation such as the outline of the nail T.

[0207] The nail information that is detected by the nail
information detector 313 is sent to the terminal device 7
through the communicators 14 and 74, and the printing data
generator 813 of the terminal device 7 matches the data of
the nail design with a nail region that is a printing range, on
the basis of the nail information, and suitably performs
correction or the like, and thus, generates the printing data.
[0208] The printing data that is generated by the printing
data generator 813 is transmitted to the nail printing device
1 from the terminal device 7 through the communicators 14
and 74.

[0209] As illustrated in FIG. 9, when the printing data is
received, the processor 31 of the nail printing device 1 as the
printing controller 314 outputs the printing data to the
printer 40 (Step S1), and starts the printing processing in
cooperation with a printing processing program or the like.
[0210] At this time, the printing controller 314, first,
moves the printing head 41 to the printing start position from
the predetermined stand-by position (in a case where print-
ing is performed by performing scanning a plurality of
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times, a position corresponding to a printing portion of the
first scanning, and for example, the position of the printing
head 41 illustrated in FIG. 8A) (Step S2).

[0211] The printing controller 314 controls the movement
of the printing head 41 by the X direction moving motor 46
and the Y direction moving motor 48 such that the printing
head 41 is moved at the first moving speed, and performs
printing of the first scanning while ejecting the ink from the
printing head 41 (Step S3).

[0212] In a case where the ink is not ejected from the
printing head 41 when the printing head 41 is initially moved
over the nail surface, it is not necessary that the printing head
41 is started to be moved from the position corresponding to
the printing portion of the first scanning (that is, the printing
start position), and it is sufficient that the printing head 41 is
started to be moved from a position in which the printing
head 41 can be moved over any portion of the nail surface,
and thus, is capable of checking whether there is the
interference between the printing head 41 and the nail T.
[0213] The position information of the printing head 41 is
continually sent to the processor 31 as the printing controller
314 from the encoder 401, and the printing controller 314
determines whether the position of the printing head 41 is
normally changed (whether the printing operation of the
printing head 41 satisfies the preset condition) (Step S4).
[0214] When the position of the printing head 41 is
normally changed (Step S4; YES), the printing controller
314 determines that the printing operation of the printing
head 41 satisfies the preset condition, ends the first scanning,
and then, moves the printing head 41 to a position corre-
sponding to a printing portion of the second scanning (for
example, the position of the printing head 41 illustrated in
FIG. 8B) (Step S5), and continuously performs printing after
the second scanning (Step S6).

[0215] It is preferable that the printing after the second
scanning is performed at the second moving speed (for
example, a general printing speed of a general printing
device) slower than the first moving speed when the printing
head 41 is initially moved over the nail surface (in this
embodiment, when the first scanning is performed).

[0216] In a case where a predetermined number of times
(for example, three times in the example illustrated in FIG.
8A to FIG. 8C) of scanning is ended (Step S7), the printing
of' the nail design with respect to the nail T is completed, and
the printing processing in this embodiment is ended.
[0217] Onthe other hand, when the position of the printing
head 41 is not changed (Step S4; NO), the printing controller
314 determines that the printing operation of the printing
head 41 does not satisfy the preset condition, immediately
controls the X direction moving motor 46 and the Y direc-
tion moving motor 48 such that the printing head 41 is
stopped, as the error handling processing (Step S8), and
stops the printing operation. In a case where the printing
head 41 is ejecting the ink, the printing controller 314 also
stops the ink ejection operation.

[0218] When there is an abnormality in the printing opera-
tion of the printing head 41 (that is, when the printing head
41 is not capable of being moved, or the printing operation
is stopped), the processor 31 as the lamp controller 315
lights the red lamp of the notification lamp 13, and notifies
the user that the abnormality occurs (an error) (Step S9).
[0219] In addition, the information that the abnormality
occurs is transmitted to the terminal device 7, and an error
message, a message for requesting re-mounting of the print-
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ing finger U1, and the like may be displayed on the display
72 of the terminal device 7 side.

[0220] As described above, even when the printing finger
U1 or the nail T is not properly mounted, and thus, collides
with the printing head 41 which is the movable body, it is
possible to minimize an impact to be applied to the printing
finger U1 or the nail T of the user, and to safely perform
again the nail printing.

[0221] When there is an error in the printing operation
(that is, when it is determined that the printing operation of
the printing head 41 does not satisfy the preset condition),
the processor 31 of this embodiment stops the printing head
41, as the error handling processing, and then, performs the
cleaning processing of the printing head 41 in the cleaner 9
(Step S10).

[0222] This is handling with respect to a problem that the
printing head 41 is in contact with the nail T of the user, and
thus, the ink ejection surface 411 (the nozzle of the printing
head 41) is contaminated, and in order to eliminate a
negative effect on printing to be performed next, when it is
determined that the printing operation of the printing head
41 does not satisfy the preset condition, the cleaning pro-
cessing of the printing head 41 is performed after the
printing head is stopped.

[0223] As described above, when the printing head 41 is
moved to the cleaner 9, it is preferable that the printing
finger U1 is started to be moved after being taken out from
the device such that the printing head 41 further interferes
with the printing finger Ul or the nail T.

[0224] For this reason, for example, when there is an error
in the printing operation, a message of “Press the button
after removing the finger” may be displayed on the display
72 of the terminal device 7, and thus, when the user removes
the printing finger Ul from the device, and operates the
operation interface 71 or the like of the terminal device 7, the
input operation may be output to the processor 31. In this
case, when the processor 31 acquires information that the
user removes the printing finger Ul from the device, the
cleaning processing is performed.

[0225] A method for the processor 31 to grasp that the
printing finger U1 is taken out from the device is not limited
thereto. For example, an image of the device may be
continually acquired by the imager 50, the image may be
analyzed, and whether the printing finger U1 is in the device
may be detected. In addition, for example, a sensor that
senses whether the printing finger Ul is in the finger
mounting portion 2 (for example, a press sensor, a touch
sensor, and the like) may be provided, and whether the
printing finger U1 is in the device may be detected on the
basis of a detection result from the sensor.

[0226] It is preferable that a plurality of types of cleaning
processings having different degrees are prepared as the
cleaning processing.

[0227] For example, it is preferable that the processor 31
selects the type of cleaning processing in accordance with a
level of determining that the printing operation of the
printing head 41 does not satisfy the preset condition.
[0228] For example, as described above, the cleaner 9 this
embodiment includes the spitter 91 that performs the spitting
processing, and the wiper 92 that performs the wiping
processing of wiping out the ink ejection surface 411, and
the cleaning processing is performed by the spitting pro-
cessing, the wiping processing, or a combination thereof.
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[0229] FIG. 10A and FIG. 10B are flowcharts illustrating
an example of the details of the cleaning processing.
[0230] A sequence A illustrated in FIG. 10A is an example
of the cleaning processing that is executed in the case of
carefully performing the cleaning, and a sequence B illus-
trated in FIG. 10B is an example of the cleaning processing
that is generally executed when printing is ended.

[0231] Inthe sequence A, as illustrated in FIG. 10A, when
an instruction is input from the operation interface 71 or the
like of the terminal device 7 such that printing is started
(Step S21), the processor 31, first, moves the printing head
41 to the spitter 91, and performs the ejection operation of
500 shots from the nozzle (Step S22). Next, the printing
head 41 is moved to the wiper 92, and wipes out the nozzle
surface of the printing head 41 with the wiping member 921
(Step S23). The processor 31 moves again the printing head
41 to the spitter 91, and performs the ejection operation of
1000 shots from the nozzle (Step S24). After that, the
printing head 41 is moved to a predetermined printing start
position, and performs the printing processing (Step S25).
When the printing is ended, the printing head 41 is moved
again to the spitter 91, the ejection operation of 300 shots is
performed from the nozzle (Step S26), and then, the printing
head 41 is moved to the capping mechanism, and the nozzle
surface of the printing head 41 is capped (Step S26). Thus,
a set of processings from the printing to the cleaning
processing are ended.

[0232] As with the sequence A, the spitting processing is
repeatedly and securely performed, and thus, even when the
printing head 41 is in contact with the nail T, and thus, the
ink is attached onto the ink ejection surface 411, it is possible
to recover the ink ejection surface 411 and each nozzle to a
state suitable for printing.

[0233] On the other hand, in the sequence B, as illustrated
in FIG. 10B, when an instruction is input from the operation
interface 71 or the like of the terminal device 7 such that
printing is started (Step S31), the processor 31, first, moves
the printing head 41 to the spitter 91, and performs the
ejection operation of 300 shots from the nozzle (Step S32).
After that, the printing head 41 is moved to a predetermined
printing start position, and the printing processing is per-
formed (Step S33). When the printing is ended, the printing
head 41 is moved again to the spitter 91, the ejection
operation of 300 shots is performed from the nozzle (Step
S34), and then, the printing head 41 is moved to the capping
mechanism, and the nozzle surface of the printing head 41
is capped (Step S35). Thus, a set of processings from the
printing to the cleaning processing are ended.

[0234] As with the sequence B, the printing processing is
performed by performing the spitting processing only once
before and after the printing, and thus, it is possible to
recover the ink ejection surface 411 and each nozzle to a
state suitable for printing, and to rapidly perform the printing
processing.

[0235] The ink ejection surface 411 can be reliably
cleaned by carefully performing the cleaning process. How-
ever, it takes time to perform the cleaning processing, and in
the case of performing the spitting processing a plurality of
times, the ink consumption in other than the printing
increases.

[0236] For this reason, it is preferable that the processor 31
selects the type of cleaning processing in accordance with
the level of the error (the state of the printing head 41) such
that in a case where it is determined that the printing
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operation of the printing head 41 does not satisfy the preset
condition, but the printing head 41 is immediately stopped,
and thus, it is determined that ink contamination or the like
rarely occurs, the cleaning processing of the sequence B is
selected, and in a case where it is determined that the degree
of ink contamination is severe or there is a possibility that
the ink is fixed, such as a case where the printing head 41
collides with the nail T in a state in which the printing
operation is performed, and thus, a large amount of inks is
attached onto the entire nail surface or a case where the
printing head 41 is stopped, and then, is left derelict for a
while, the careful cleaning processing of the sequence A is
selected.

[0237] As described above, whether to perform the clean-
ing of the sequence A or the cleaning of the sequence B may
be determined in accordance with whether a time until the
printing head 41 is stopped from a time point when it is
determined that the printing operation of the printing head
41 does not satisty the preset condition is longer than a
threshold value set in advance or whether a distance until the
printing head 41 is stopped from the time point when it is
determined that the printing operation of the printing head
41 does not satisfy the preset condition is greater than a
threshold value set in advance.

[0238] The type of cleaning processing that can be
selected by the processor 31 is not limited to two types that
are exemplified herein. Only one type or three or more types
may be prepared as the type of cleaning processing.
[0239] For example, the number of times of the ink
ejection of the spitting processing in Step S22, Step S24, and
Step S26 of sequence A further increases, and thus, more
careful cleaning is performed compared to the sequence A,
but on the contrary, cleaning processing having a level
between the sequence A and the sequence B in which the
number of times of the ink ejection of the spitting processing
in Step S22, Step S24, and Step S26 decreases may be
prepared such that the cleaning processing can be selected in
accordance with a situation.

[0240] In addition, the number of times of the wiping
operation of the wiping processing may be adjusted such
that the type of cleaning processing can be selected in a
plurality of steps.

[0241] When the cleaning processing is ended, the pro-
cessor 31 further determines whether to perform the printing
processing with respect to the nail T (Step S11), and when
it is determined to perform the printing processing (Step
S11; YES), the process returns to Step S1, and the process-
ing is repeated, and when it is determined not to perform the
printing processing (Step S11; NO), the processing is ended.
[0242] In this case, “when it is determined to perform the
printing processing” includes the case of performing print-
ing again with respect to the nail T to which printing is
stopped due to an error and the case of performing printing
with respect to the nails T of different fingers. In the case of
performing printing again with respect to the nail T to which
printing is stopped due to an error, Step S1 may be omitted
when an image to be printed is not changed, and the process
may start again from Step S2.

[0243] As described above, according to this embodiment,
the printing of the printing head 41 with respect to the nail
T is started, and then, the processor 31 determines whether
the printing operation of the printing head 41 satisfies the
preset condition, and when it is determined that the preset
condition is satisfied, general processing is continuously
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performed, and when it is determined that the preset con-
dition is not satisfied, the driving motor is stopped as the
error handling processing.

[0244] For this reason, when any error occurs during the
printing with respect to the nail T, it is possible to handle the
error by rapidly stopping the printing head, and to safely
perform the printing operation with respect to the nail T.
[0245] In addition, when there is an error in the printing,
it is necessary to drop the ink applied onto the nail T, and to
perform the printing again, but in this embodiment, the
printing head is stopped, and thus, it is possible to safely take
out the finger from the device, and to rapidly and smoothly
perform working for performing the printing again, such as
removing the ink applied onto the nail T.

[0246] In addition, in this embodiment, the encoder 401 is
provided as the position detector that detects the position of
the printing head 41.

[0247] For this reason, it is possible to known whether the
printing head 41 is normally operated, by a simple configu-
ration.

[0248] When the position of the printing head 41 that is
detected by the encoder 401 is not changed within the
predetermined time, the processor 31 as the printing con-
troller 314 determines that it is the state in which “the
printing operation of the printing head 41 does not satisfy the
preset condition”, and stops the printing head 41.

[0249] For this reason, it is possible to sense that the
printing head 41 is in a state where the printing head 41
collides with the printing finger U1 or the nail T, and thus,
is not capable of being moved, by a simple configuration.
[0250] In addition, the nail printing device 1 of this
embodiment further includes the cleaner 9 that cleans the ink
ejection surface 411 of the printing head 41, and when it is
determined that the printing operation of the printing head
41 does not satisfy the preset condition, the processor 31
stops the driving motor as the error handling processing, and
then, performs the cleaning processing of the printing head
41 with the cleaner 9.

[0251] Therefore, even when the ink ejection surface 411
is contaminated due to any error, a state suitable for printing
can be recovered by cleaning.

[0252] Inaddition, in this embodiment, a plurality of types
of cleaning processings having different degrees are pre-
pared as the cleaning processing, and the processor 31
selects the type of cleaning processing in accordance with a
level of determining that the printing operation of the
printing head 41 does not satisfy the preset condition.
[0253] Therefore, it is possible to perform suitable clean-
ing processing according to the necessity, in accordance with
the degree of error or the like.

[0254] In addition, in this embodiment, the cleaner 9
includes the spitter 91 that performs the spitting processing,
and the wiper 92 that performs the wiping processing of
wiping out the ink ejection surface, and the cleaning pro-
cessing is the spitting processing, the wiping processing, or
a combination thereof.

[0255] Therefore, it is possible to perform suitable clean-
ing processing in accordance with the degree of contami-
nation of the printing head 41 or the ink ejection surface 411,
such as performing the spitting processing to solve the
clogging or the like of the nozzle or performing the wiping
processing to wipe out the ink attached onto the ink ejection
surface 411.
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[0256] In addition, in this embodiment, the X direction
moving motor 46 and the Y direction moving motor 48 as
the driving motor for driving the printing head 41 which is
the movable body and performs printing with respect to the
nail surface while being moved over the nail surface are
configured such that the moving speed of the printing head
41 can be switched in a plurality of steps, and when the
printing head 41 is initially moved at least over the nail
surface, the printing controller 314 controls the driving
motor such that the printing head 41 is moved at the first
moving speed among moving speeds that can be switched by
the driving motor.

[0257] When it is determined that the printing operation of
the printing head 41 satisfies the preset condition after the
printing head 41 is moved at the first moving speed, the
printing head 41 is moved at the second moving speed faster
than the first moving speed.

[0258] Therefore, even when the printing finger U1 or the
nail T is not properly mounted, and thus, interferes (collides)
with the printing head 41, an impact on the printing finger
U1 or the nail T is minimized, and each constituent of the
device such as the printing head 41 can be prevented from
being damaged or broken due to the impact.

[0259] Accordingly, it is possible to safely perform the
nail printing.
[0260] In addition, when the printing head 41 is moved at

the first moving speed, and an abnormality is not detected,
the subsequent processing is controlled such that the printing
head 41 is moved at the second moving speed that is a
constant speed.

[0261] Therefore, it is possible to rapidly perform the
printing operation after the safety is confirmed once, and to
rapidly and safely perform the nail printing.

[0262] In addition, in this embodiment, the printing head
41 performs the printing operation with respect to the nail
surface (that is, the ink ejection) even at the time of being
initially moved over the nail surface.

[0263] Therefore, when the printing head 41 is initially
moved over the nail surface, it is possible to combine the
check for the interference between the printing finger U1 or
the nail T and the printing head 41 and the printing opera-
tion, and to rapidly and safely perform the nail printing by
eliminating wasted time.

[0264] In addition, in this embodiment, the printing head
41 performs printing with respect to the nail surface by
performing scanning a plurality of times, and the printing
controller 314 controls the driving motor such that the
printing head 41 is moved at the first moving speed at the
time of performing the first scanning.

[0265] Therefore, even when the nail printing is com-
pleted by performing scanning a plurality of times, it is
possible to rapidly and safely perform the nail printing by
eliminating wasted time.

[0266] In addition, in this embodiment, the notification
lamp 13 is provided on the nail printing device 1 side, as the
notifier that notifies the operation state of each constituent to
the user, and the display 72 that is capable of performing
alarm display or the like is provided on the terminal device
7 side, and thus, when the position of the printing head 41
that is detected by the encoder 401 as the position detector
is not changed within the predetermined time, it is notified
to the user.

[0267] Therefore, the user is capable of knowing the
situation or the cause thereof that the nail printing is not
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capable of being performed, and to properly handle the
situation or the cause thereof.

[0268] As described above, the embodiment of the inven-
tion has been described, but the invention is not limited to
such an embodiment, and it is obvious that various modi-
fications can be performed within a range not departing from
the gist thereof.

[0269] For example, in this embodiment, as illustrated in
FIG. 8A to FIG. 8C, in a case where printing is performed
with respect to the nail surface by performing scanning a
plurality of times, only the first scanning is performed at the
first moving speed, and the subsequent scanning after the
second scanning is performed at the second moving speed
that is a constant speed, but the control of the scanning speed
of the printing head 41 is not limited thereto.

[0270] In the scanning of the printing head 41, only the
first scanning is performed at the first moving speed, and in
the subsequent scanning after the second scanning, the speed
of'the printing head 41 gradually increases, and for example,
the printing controller 314 may control the driving motor
such that the moving speed is gradually switched such that
the speed of the printing head 41 is higher in the second
scanning than in the first scanning, and is higher in the third
scanning than in the second scanning.

[0271] In addition, the speed of the printing head 4 may
gradually increase even during one scanning.

[0272] As described above, it is possible to perform print-
ing at a speed as fast as possible after it is determined once
that the printing finger Ul or the nail T does not interfere
with the printing head 41, and to rapidly complete the nail
printing.

[0273] In addition, in this embodiment, controlling the
moving speed (the driving speed) of the printing head 41 at
the time of performing scanning in a plurality of steps is not
essential.

[0274] That is, in the embodiment described above, a case
has been exemplified in which the processor 31 controls the
driving motor such that the printing head 41 is moved at the
first moving speed when the printing head 41 is initially
moved at least over the nail surface, and then, when it is
determined that the preset condition is satisfied, controls the
driving motor such that the printing head 41 is moved at the
second moving speed faster than the first moving speed.
[0275] However, in the invention, it is not essential to
control the speed in a plurality of steps, as exemplified
herein.

[0276] For example, the printing head 41 may be moved
at the second moving speed corresponding to a general
printing speed until the printing is ended from the first
scanning.

[0277] In this case, it is possible to more rapidly complete
the nail printing.

[0278] In addition, in this embodiment, it has been exem-
plified that the printing head 41 is stopped until the printing
finger U1 is taken out from the device at the time of the state
in which “the printing operation of the printing head 41 does
not satisty the preset condition”, but the operation control of
the printing head 41 is not limited thereto.

[0279] For example, the processor 31 may determine the
position of the printing head 41 on the basis of the infor-
mation from the encoder 401, and may move the printing
head 41 in a direction separated from the printing finger U1
(for example, when it is determined that the printing head 41
is positioned on the right side of the printing finger U1 in the
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X direction (for example, a state illustrated in FIG. 8B), a
right direction), and may move the printing head 41 to the
cleaner 9, the capping mechanism 6, or the like.

[0280] In this case, without determining that the printing
finger U1 is taken out from the device, it is possible to
rapidly move the printing head 41 from the current situation,
and to perform the cleaning processing or the like.

[0281] In addition, when the printing head 41 is already
raised above the nail T, the processor 31 may perform
control such that the printing head 41 is moved such that a
distance for moving over the nail T becomes shorter, in
accordance with whether the printing head 41 is on the right
side or the left side from the center position in a nail width
direction (in FIG. 8A to FIG. 8C, and the like, the X
direction).

[0282] For example, when the printing head 41 is moved
from right to left in the X direction, and the printing head 41
is stopped before reaching the center position of the nail
width direction (that is, stopped on the right side from the
center position), the printing head 41 is moved to return to
the right side, and thus, is separated from the nail T. In
addition, similarly, when the printing head 41 is moved from
right to left in the X direction, and the printing head 41 is
stopped over the center position in the nail width direction
(that is, stopped on the left side from the center position), the
printing head 41 is moved to the left side in this state, and
is separated from the nail T.

[0283] There is a case where it is difficult to remove the
printing finger U1 in a state where the printing head 41 is
raised above the nail T. In addition, when the printing finger
U1 is forcedly pulled out in a state where the ink ejection
surface 411 of the printing head 41 is in contact with the nail
T, there is a concern that the nail T is distressed. On the
printing head 41 side, there is also a concern that the ink
ejection surface 411 is damaged, and thus, it is preferable to
solve the state in which the printing head 41 is in contact
(interferes) with the printing finger U1 or the nail T as soon
as possible.

[0284] In this case, it is preferable that the processor 31
determines the moving direction (a separating direction) of
the printing head 41, on the basis of a position relationship
between the printing head 41 and the nail T, and the like, in
order to minimize the damage on both sides.

[0285] In addition, in this embodiment, the encoder 401
that functions not only as the position detector for detecting
the position of the printing head 41, but also as the speed
detector for detecting the moving speed of the printing head
41 is provided. Therefore, when the speed of the printing
head 41 is less than or equal to a predetermined threshold
value, on the basis of the detection result of the encoder 401,
the processor 31 may determine that the printing operation
of the printing head 41 does not satisfy the preset condition.
[0286] That is, in this embodiment, a case has been
exemplified in which when the position of the printing head
41 is not changed within the predetermined time, it is
determined as the state in which “the printing operation of
the printing head 41 does not satisfy the preset condition”,
and thus, the printing head 41 is stopped, but the determi-
nation of whether it is the state in which “the printing
operation of the printing head 41 does not satisfy the preset
condition” is not limited thereto.

[0287] When the speed of the printing head 41 is less than
or equal to a predetermined threshold value, it is determined
as the state in which “the printing operation of the printing
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head 41 does not satisfy the preset condition”, and thus,
printing controller 314 may perform the error handling
processing such as controlling the driving motor such that
the printing head 41 is stopped.

[0288] FIG. 11 is a graph showing speed properties at the
time of driving the printing head.

[0289] InFIG. 11, a case is exemplified in which a region
after a coordinate of 700 is set to a printing region PA, a
desired driving speed of the printing head 41 is 7 ips
(inch/second), and the driving of the printing head 41 (the
moving for the printing operation) is started from a coordi-
nate of 600.

[0290] In the example shown in FIG. 11, the driving speed
of the printing head 41 is stable as a speed of 7 ips
(inch/second) that is a target speed, in the region after the
coordinate of 700 that is the printing region PA.

[0291] On the graph shown in FIG. 11, even in the region
after the coordinate of 700, the speed properties are finely
moved up and down at an amplitude of approximately 1 ips,
and such a speed fluctuation range a is generated due to the
properties of the driving motor (a DC motor with a brush),
and is a speed change within the range of an error that occurs
even in a normal operation.

[0292] When the printing head 41 is in contact with the
printing finger U1 or the nail T, for example, as illustrated
by a dotted line in FIG. 11, the driving speed of the printing
head 41 precipitously decreases. Therefore, for example, a
threshold value is set to a speed at which it is possible to
obviously determine that any abnormality occurs in view of
the speed fluctuation range o that is the range of the error
described above, and it is preferable to determine that an
error such as the contact between the printing head 41 and
the printing finger U1 or the nail T occurs, at a time point
when it is determined that the speed is less than the threshold
value (for example, a point represented by p in FIG. 11).
[0293] How to set the threshold value in such a case is
suitably determined, and for example, in the example shown
in FIG. 11, the threshold value is set to 60% of the target
speed.

[0294] In addition, in the example shown in FIG. 11, an
example is described in which the target speed is set to 7 ips
(inch/second), and the threshold value is also set on the basis
of the target speed, but the target speed is the moving speed
of the printing head 41 which is set as a suitable speed in
accordance with the printing mode or the like, and is not
limited to 7 ips (inch/second).

[0295] That is, as described above, the printing controller
314 moves the printing head 41 at a suitable speed according
to a mode or the like which is set by the operation or the like
of the user. Therefore, for example, in a case where a mode
for performing high definition printing is set, the target
speed is a comparatively low speed, and in a case where a
mode for performing rapid printing is set, the target speed is
a speed faster than the speed which is set in the mode for
performing high definition printing.

[0296] As described above, in a case where the interfer-
ence between the printing finger U1 or the nail T and the
printing head 41 is determined by a change in the driving
speed of the printing head 41, it is possible to properly sense
that an abnormality occurs even when the printing head 41
is moved in a state where the ink ejection surface 411 of the
printing head 41 is in contact with the nail surface although
movement of the printing head 41 is not blocked by the
printing finger U1 or the nail T.
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[0297] When the printing head 41 is slightly in contact
with the nail T, the nail surface is contaminated, and thus,
well-finished nail printing is not performed. In such a case,
it is possible to stop the printing head 41, to prevent the ink
from being ejected wastefully, and to promptly perform
handling such as performing the nail printing again.
[0298] The slit may be formed on the slit plate 401a with
an ultrafine width, and may be read by the encoder 401, and
thus, it is possible to detect even a change in which the
printing head 41 slightly sweeps the printing finger U1 or the
nail T.

[0299] Also in such a case, it is possible to promptly detect
that an error occurs, and to perform suitable handling (the
error handling processing such as stopping the driving
motor).

[0300] In addition, in this embodiment, a case has been
exemplified in which whether the printing finger U1 or the
nail T interferes with the printing head 41 is determined by
a change in the position of the printing head 41 that is
detected by the encoder 401, but the determination of the
interference between the printing finger U1 or the nail T and
the printing head 41 is not limited to the determination based
on the detection result of the encoder 401.

[0301] For example, the processor 31 may determine
whether it is the state in which “the printing operation of the
printing head 41 does not satisfy the preset condition”, with
reference to the torque of the driving motor.

[0302] That is, in a case where the driving speed of the
printing head 41 is maintained constantly, a constant torque
is applied to the driving motor. However, when the printing
head 41 interferes with the printing finger U1 or the nail T,
it is not possible to maintain the driving speed of the printing
head 41 by the same torque, and thus, the torque of the
driving motor is changed.

[0303] Therefore, it is also possible to sense that an error
occurs by confirming a change in the torque.

[0304] In addition, for example, as illustrated in FIG. 12,
the imager 50 of the nail printing device 1 is arranged on the
nail T, the image of the surface of the nail T (the nail surface)
is acquired, and when there is an abnormality in the acquired
image, it is determined as the state in which “the printing
operation of the printing head 41 does not satisfy the preset
condition”, and thus, the printing controller 314 may per-
form the error handling processing such as controlling the
driving motor such that the printing head 41 is stopped.
[0305] Ingeneral, when the nail printing is performed with
respect to the nail T, a white base or the like is applied in
advance onto the nail surface in order to improve color
development.

[0306] In this case, when the printing head 41 is in the
printing start position before being moved, as illustrated in
FIG. 13A, the whole surface is white, and when the printing
head 41 is contaminated after being moved over the nail
surface, as illustrated in FIG. 13B, it is possible to determine
that the printing head 41 (the ink ejection surface or the like
of the printing head 41) has been in contact with the nail
surface.

[0307] Therefore, when there is such an abnormality in the
image that is acquired by the imager 50, it is determined as
the state in which “the printing operation of the printing head
41 does not satisty the preset condition”, and thus, the
processor 31 as the printing controller 314 performs the
error handling processing such as stopping the printing head
41.
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[0308] In addition, even in such a case, it is preferable to
notify the user that an abnormality occurs by performing the
lighting of the notification lamp 13, the display with respect
to the display 72 of the terminal device 7, or the like.
[0309] Even when there is a change between an image
when the printing head 41 is in the printing start position (for
example, an image illustrated in FIG. 13A) and an image
after the printing head 41 is moved over the nail surface, the
printing controller 314 does not determine that there is an
abnormality in a case where it is an image in which a pattern
to be printed is drawn for one scanning, and a region for one
scanning is the printing end region Af (for example, an
image illustrated in FIG. 13C), and continues the printing
operation as it is.

[0310] For example, the printing controller 314 compares
the printing data with the imaging image in order to deter-
mine that there is an abnormality based on change in the
image after the printing head 41 is moved over the nail
surface.

[0311] The position of the printing head 41 is acquired
from the image that is acquired by the imager 50, and when
the position of the printing head 41 is not changed or when
it is determined that a normal printing operation is not
performed, it is determined as the state in which “the
printing operation of the printing head 41 does not satisfy the
preset condition”, and thus, the processor 31 as the printing
controller 314 performs the error handling processing such
as stopping the printing head 41.

[0312] As described above, in a case where whether there
is the interference between the printing finger U1 or the nail
T and the printing head 41 is determined by the image, it is
possible to stop the printing head 41 even when a part of the
printing head 41 which is the movable body sweeps the nail
surface, and thus, the nail surface is contaminated, and
well-finished nail printing is not performed, although move-
ment of the printing head 41 is not blocked by the printing
finger Ul or the nail T. Therefore, handling such as per-
forming the nail printing again is promptly performed.
[0313] Therefore, it is possible to handle a situation that is
difficult to be handled by only detecting the position of
printing head 41 with the encoder 401.

[0314] As described above, in a case where it is deter-
mined whether it is the state in which “the printing operation
of the printing head 41 does not satisfy the preset condition”
by other than a change in the position of the printing head
41 (that is, whether the printing head 41 is stopped), such as
a case where it is determined that an error occurs by
confirming a change in the driving speed of the printing head
41 or a case where it is determined that an error occurs by
confirming a change in the torque of the driving motor, there
is a case where the change is minute, and thus, it is difficult
to accurately determine whether an error occurs by only the
change.

[0315] Therefore, in the case of using such a method, it is
preferable that a method of acquiring an image by the imager
50 and of analyzing the image is used together, in order to
secure determination accuracy.

[0316] In addition, in this embodiment, a case has been
exemplified in which the printing head 41 (the driving motor
driving the printing head 41) is stopped, and the cleaning
processing is performed, as the error handling processing in
a case where it is the state in which “the printing operation
of'the printing head 41 does not satisfy the preset condition”,
but the error handling processing is not limited thereto.
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[0317] For example, the printing head 41 (the driving
motor driving the printing head 41) may only be stopped as
the error handling processing. A case can also be considered
in which it is not possible to handle an error by cleaning the
ink ejection surface 411, depending on the degree of error.
In such a case, handling such as performing display of
prompting the user to replace the printing head 41 may be
performed.

[0318] In addition, in this embodiment, a case has been
exemplified in which only the first scanning is performed at
the first moving speed, but the invention is not limited
thereto.

[0319] For example, an imager that is capable of imaging
the printing finger U1 and the nail T from a lateral nail fold
side may be provided in the nail printing device, and when
the printing finger U1 is mounted on the finger mounting
portion 2, a range in which the nail T (the surface of the nail
T) and the printing head 41 which is the movable body are
close to each other by a greater than or equal to a predeter-
mined value may be detected, and the printing controller 314
may control the driving motor such that the moving speed is
the first moving speed also at the time of performing
scanning above the range.

[0320] Accordingly, even in the case of a user having a
strong curvature of the nail in the Y direction of FIG. 1 and
the like, it is possible to reduce the impact of the collision
between the printing head 41 and the printing finger U1 or
the nail T.

[0321] In addition, in this embodiment, a case has been
exemplified in which the movable body that interferes with
the printing finger U1 or the nail T is the printing head 41,
but the movable body is not limited to the printing head 41.
For example, the movable body may be a carriage that
retains the printing head 41, and when the carriage interferes
with the printing finger U1l or the nail T, and thus, the
encoder 401 or the like senses an abnormality, the printing
controller 314 also controls the driving motor such that the
moving of the printing head 41 (and the carriage) is stopped.
[0322] In addition, before the printing head 41, the car-
riage, or the like interferes with the printing finger U1 or the
nail T, a buffer member that bumps into the printing finger
U1 or the nail T may be attached to the printing head 41, the
carriage, or the like. In such a case, the buffer member is also
included in the movable body.

[0323] In this case, when the buffer member is formed of
a flexible material such as a urethane resin, it is possible to
further reduce the impact with respect to the printing finger
U1 or the nail T, and to more reliably prevent the printing
head 41 or the like from being damaged.

[0324] In addition, in this embodiment, a case has been
exemplified in which the spitter 91 and the wiper 92 are
provided as the cleaner 9, but the type of the cleaner 9 is not
limited thereto. Other cleaners may be provided instead of or
along with the cleaner 9.

[0325] For example, an absorption member formed of a
high-absorbent material such as felt may be pressed against
the ink ejection surface 411, may absorb and adsorb the ink
or the like that is attached onto the ink ejection surface 411,
and may remove the ink, as the other cleaner.

[0326] In a case where there are a plurality of types of
cleaners 9, it is preferable that a combination of the type and
the level of cleaning is suitably determined by the processor
31 in accordance with the degree of error or the situation.
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[0327] In addition, in this embodiment, a case has been
exemplified in which the notification lamp 13 is provided as
the notifier on the nail printing device 1 side, but the notifier
is not limited thereto.
[0328] Forexample, a display that is capable of displaying
an alarm message or the like may be provided in the nail
printing device 1, and may function as the notifier. In
addition, a sound output such as a speaker may be provided
in the nail printing device 1 as the notifier, and may perform
the notification with respect to the user with a sound, a
buzzer, or the like.
[0329] In this embodiment, a case has been exemplified in
which the input of the printing start instruction, the genera-
tion of the printing data, and the like are performed by the
terminal device 7, but an input of various instructions, a
printing data generator for generating the printing data, or
the like may be provided on the nail printing device 1, and
the control device 30 of the nail printing device 1 may
perform such processing.
[0330] In addition, in this embodiment, a case has been
exemplified in which the nail printing device 1 configures
the printing system in cooperation with the terminal device
7, and performs printing with respect to the nail, but the nail
printing device 1 is not limited thereto, and may be config-
ured such that the printing operation is completed by a single
body.
[0331] In addition, in this embodiment, a case has been
exemplified in which the nail design storage region 822 that
stores the image data of the nail design is provided in the
storage 82 of the terminal device 7, the image data of the nail
design is not limited to the case of being stored in the storage
82 of the terminal device 7, and may be stored in the storage
32 of the nail printing device 1.
[0332] In addition, the image data of the nail design may
be stored in a server device or the like that can be connected
through a network line or the like, and thus, it is possible to
refer to the image data of the nail design by accessing the
server device or the like.
[0333] As described above, it is possible to select a design
to be printed from more nail designs.
[0334] In addition, in this embodiment, the printing head
41 of the ink jet system is provided as the printing head 41
of the nail printing device 1, but the configuration of the
printing head 41 is not limited thereto.
[0335] In addition, a dryer provided with a heater or a fan
for drying the ink after being printed may be provided in the
nail printing device 1.
[0336] As described above, some embodiments of the
invention have been described, but the scope of the inven-
tion is not limited to the embodiments described above, and
includes the scope of the invention described in the claims
and the equivalent scope.
What is claimed is:
1. A nail printing device, comprising:
a printing head that performs printing to a nail surface;
a memory that stores a program; and
a processor performs, based on the program stored in
the memory, processing including,
determining whether a printing operation of the print-
ing head satisfies a preset condition,
performing the printing operation continuously if the
processor determines that the printing operation of
the printing head satisfies the preset condition, and
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performing error handling processing which is different
from the printing operation if the processor deter-
mines that the printing operation of the printing head
does not satisty the preset condition.

2. The nail printing device according to claim 1, wherein,
if the processor determines that the printing operation of the
printing head does not satisfy the preset condition, then the
processor determines that an error state occurs due to
interference between the printing head and a nail.

3. The nail printing device according to claim 1, further
comprising:

a speed detector that detects a moving speed of the

printing head,

wherein, if the speed of the printing head that is detected

by the speed detector is less than or equal to a preset
threshold value, the processor determines that the print-
ing operation of the printing head does not satisfy the
preset condition.

4. The nail printing device according to claim 1, further
comprising:

a position detector that detects a position of the printing

head,

wherein, if the position of the printing head that is

detected by the position detector is not changed within
a predetermined time, the processor determines that the
printing operation of the printing head does not satisty
the preset condition.

5. The nail printing device according to claim 1, further
comprising:

an imaging device that images the nail surface, and

acquires an image of the nail surface,

wherein, if there is an image error in the image acquired

by the imaging device, the processor determines that
the printing operation of the printing head does not
satisty the preset condition.

6. The nail printing device according to claim 1, further
comprising:

a driving motor that moves the printing head,

wherein, at the time of initially moving the printing head

at least over the nail surface, if the processor deter-
mines that the preset condition is satisfied after the
driving motor is controlled such that the printing head
is moved at a first moving speed, the processor controls
the driving motor such that the printing head is moved
at a second moving speed faster than the first moving
speed.

7. The nail printing device according to claim 6, wherein

the printing head performs printing to the nail surface by

performing scanning a plurality of times, and

the processor controls the driving motor such that the

printing head is moved at the first moving speed at the
time of performing at least the first scanning.

8. The nail printing device according to claim 6,

wherein, when the printing head performs printing to the

nail surface by performing scanning a plurality of
times, the processor controls the driving motor such
that the second moving speed of the printing head
gradually increases.

9. The nail printing device according to claim 6,

wherein, when the printing head performs printing to the

nail surface by performing scanning a plurality of
times, the processor controls the driving motor such
that the second moving speed of the printing head is a
constant speed.
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10. The nail printing device according to claim 6, wherein
the processor controls the driving motor such that the
printing head is moved at the first moving speed, at the time
of performing scanning to a range in which the nail surface
and the printing head are close to each other by greater than
or equal to a predetermined value.

11. The nail printing device according to claim 1, further
comprising:

a cleaner that cleans an ink ejection surface of the printing

head,

wherein, if the processor determines that the printing

operation of the printing head does not satisfy the
preset condition, the processor performs cleaning pro-
cessing of the printing head with the cleaner, as the
error handling processing.

12. The nail printing device according to claim 6, further
comprising:

a cleaner that cleans an ink ejection surface of the printing

head,

wherein, if the processor determines that the printing

operation of the printing head does not satisfy the
preset condition, the processor stops the driving motor
to discontinue printing to the nail and then performs
cleaning processing of the printing head with the
cleaner, as the error handling processing.

13. The nail printing device according to claim 11,
wherein

a plurality of types of cleaning processings having dif-

ferent degrees are prepared as the cleaning processing,
and

the processor selects the type of cleaning processing in

accordance with a state of the printing head in a case
where the processor determines that the printing opera-
tion of the printing head does not satisty the preset
condition.

14. The nail printing device according to claim 12,
wherein

a plurality of types of cleaning processings having dif-

ferent degrees are prepared as the cleaning processing,
and

the processor selects the type of cleaning processing in

accordance with a state of the printing head in a case
where the processor determines that the printing opera-
tion of the printing head does not satisty the preset
condition.

15. The nail printing device according to claim 13,
wherein

the cleaner includes a spitter that performs spitting pro-

cessing, and a wiper that performs wiping processing of
wiping out the ink ejection surface, and

the cleaning processing is the spitting processing, the

wiping processing, or a combination thereof.

16. The nail printing device according to claim 14,
wherein

the cleaner includes a spitter that performs spitting pro-

cessing, and a wiper that performs wiping processing of
wiping out the ink ejection surface, and

the cleaning processing is the spitting processing, the

wiping processing, or a combination thereof.

17. A nail printing method of a nail printing device
provided with a printing head that performs printing with
respect to a nail surface, the method comprising:

determining whether a printing operation of the printing

head satisfies a preset condition; and
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selecting processing which comprises:

continuously performing the printing operation if it is
determined that the printing operation of the printing
head satisfies the preset condition in the determining;
and

performing error handling processing which is different
from the printing operation if it is determined that the
printing operation of the printing head does not
satisfy the preset condition in the determining.
18. A computer readable storage medium storing a pro-
gram that allows a computer of a nail printing device
provided with a printing head that performs printing with
respect to a nail surface to perform:
a determining function of determining whether a printing
operation of the printing head satisfies a preset condi-
tion; and
a processing selection function comprising:
continuously performing the printing operation if the
determining function determines that the printing
operation of the printing head satisfies the preset
condition; and

performing error handling processing which is different
from the printing operation if the determining func-
tion determines that the printing operation of the
printing head does not satisfy the preset condition.
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